Abstract-The skin of Bufo alvarius, a desert toad of Arizona, contains a number of indolealkylamines and their metabolites belonging to the common series of S-hydroxyindolealkylamines and to the unusual series of 5-methoxyindolealkylamines.
The occurrence of the above compounds points to the necessary presence in B. alvurius skin of a number of enzymes: tryptophan 5-hydroxylase, catalysing the formation of 5_hydroxytryptophan, aromatic r-aminoacid decarboxylase producing the decarboxylation of 5-hydroxytryptophan to 5-hydroxytryptamine, N-methyl transferase and transferase giving origin to the N-methyl and O-methylindolealkylamines, and finally sulphoconjugases catalysing the linkage of sulphuric acid to the 5-hydroxy group and the > NH group of the indole nucleus.
The exceptionally rich sample card of indolealkylamines in the skin of B. aharius seems of interest not only from the point of view of comparative biochemistry, but also from that of comparative enzymology and biochemical taxonomy.
Bufo aharius Girard is a desert toad with a rather restricted area of distribution, covering Arizona (U.S.A.) and Sonora (Mexico).
Among the 40 species of Bufo so far examined in this laboratory for the content of their skin in biogenic amines it seems to occupy an unique position, as it is the only species which contains 5-methoxyindolealkylamines.
The occurrence of enormous amounts of these derivatives in the skin of B. alvarius is of particular interest because it necessarily involves the concomitant appearance of a considerable 5-hydroxyindole-O-methyl transferase activity.
* A preliminary account of part of this work has appeared in Experienfia 21, 504 (1965).
This paper describes the identification in skin extracts of B. alvarius of a number of 5-hydroxyand 5methoxyindole derivatives as well as the isolation of N,NdimethyL5methoxytryptamine or 0-methylbufotenine. It will be seen that the skin of B. alvarius is of interest not only because of its content of 5methoxyindoles but also because it possibly offers the first example of the occurrence in nature of indole derivatives bearing a -SOaH group attached to the nitrogen of the indole nucleus, i.e. in position 1. The presence of these derivatives requires the activity of hitherto unknown conjugases.
Standard compounds

MATERIALS AND METHODS
The following synthetic compounds were available for comparison : tryptamine HCl (0.81) 5 The amount of free bases in a g of salt is given in parentheses.
The methoxytryptamines were synthetized by one of us (Vitali) . Samples of 5-hydroxytryptophol were kindly set at our disposal by Dr. Pletscher (Basle, Switzerland) and Dr. Kveder (Zagreb, Jugoslavia). A sample of 5-methoxytryptophol lightly contaminated by 5-hydroxytryptophol was obtained by treating a few mg of 5-hydroxytryptophol with diazomethane.
N-Methyl-5-hydroxytryptamine (N-methyl-5-HT), bufotenidine, bufotenine O-sulphate (bufoviridine), bufothionine and dehydrobufotenine were not available as pure compounds.
For comparative purposes, in paper chromatography and paper electrophoresis, semipurified extracts (passage through alumina column) of the skin of the following amphibian species were used: Bufo gramdosus fernandezae (rich in N-methyl-5-HT), Leptodactyluspentadactylus dengleri (bufotenidine), Bufo viridis (bufoviridine), Bufo marinus and Bufo spinulosus (dehydrobufotenine and bufothionine).
Bufo alvarius skins
Altogether 21 specimens of Bufo alvarius were captured in Arizona during 1964-1966. The fresh skins were spread out and dried in the shade.
The single dried skins were, immediately after their arrival in Italy by air mail, minced with scissors and immersed in 20 parts (w/v) of 70 "/o acetone, always keeping distinct the major cutaneous glands (parotoid glands + coxal glands) from the remaining skin. The liquids were decanted after 5-7 days, and the material was re-extracted for another week with 15 parts of the same solvent. A minor part of the 42 extracts was put aside for individual estimations, the bulk was pooled to constitute a glandular and a non-glandular skin extract, respectively.
Chromatography on alumina column
A first partial separation of the numerous indole derivatives occurring in the acetone extracts of B. alvarius skin was obtained by their passage through an alkaline 5-Methoxy-and S-hydroxyindoles in the skin of Bujb alvarius alumina column. Alkaline alumina was a chromatographic grade product obtained from Merck A.G., Darmstadt. Chromatographic columns were of different size according to the amount of the material to be chromatographed.
For amounts exceeding 10 g of dry non-glandular skin or 3-5 g of cutaneous glands, the columns were 3.3 cm wide and 50 cm high and the alumina weighed 140 g.
Paper chromatography
The ascending unidimensional technique on Whatman No. 1 paper was routinely employed. Chromatograms were run at 18" for 10-30 hr using as a rule the following solvent mixtures: II. butanol-acetic acid-water (40:10:50), n. butanol-30% methylamine (80:30), I .pentanol-pyridine-water-30% methylamine (40:40:10:1) and KC1 20% in water. For special purposes also distilled water and methylethylketonepyridine-water-30 % methylamine (65 : 15 : 10 :0*5) were employed.
The spraying reagents used for the detection and identification of the different compounds were as follows: (a) aqueous solution of diazotized sulfanilic acid (Pauly reagent) followed by 3-5x aqueous sodium carbonate; (b) aqueous solution of diazotized p-nitroaniline followed by sodium carbonate; (c) O-1-0-3% solution of Heinrich and Schuler NNCD reagent (2-chloro-Cnitrobenzenediazoniumnaphthalene-2-sulphonate);
(d) 0.3 7; solution in 50 % ethanol of Echtrotsalz B Fluka (diazotized I-amino-2-methoxy-4-nitrobenzene) followed by sodium carbonate; (e) O-05-0*1 "/o alcoholic solution of dichloroquinone chlorimide (Gibbs reagent) followed by sodium carbonate; (f) l-2 "/o alcoholic solution of p-dimethylaminobenzaldehyde, followed by exposure of the chromatograms to HCl vapours in a glass cabinet; (g) 1 % alcoholic solution of Folin reagent for aminoacids (1,2-naphthoquinone-Csulphonic sodium salt) followed by sodium carbonate; (h) diluted FolinCiocalteu reagent, followed by sodium carbonate or exposure to ammonia vapours; (i) O-2 % solution of barium chloride in 70% ethanol followed by 0.05 % sodium rhodizonate in 50% ethanol (reagent for sulphates which result in yellow spots on a reddish background); (j) saturated aqueous solution of Reinecke salt, and finally (k) 2 % aqueous solution of picric acid. Spraying of reagents (j) and (k) was followed, after some minutes, by gentle washing of the paper sheets under running tap water until complete removal of the background colour.
Thin-layer chromatography
Thin-layer chromatography was carried out on inactive O-25 mm silica gel (Kiesclgel G, Merck) at room temperature. The solvents used were : benzene-ethanol-30 % methylamine (22:7:1), n. butanol-acetic acid-water (40:10:50), and chloroformmethanol saturated with NHs (2O:l).
The plates were dried and sprayed either with the NNCD reagent or the p-dimethylaminobenzaldehyde reagent.
Gas chromatography
A Fractovap model C gas chromatograph equipped with a Paid/f hydrogen flame ionization detector and with a 1.5 mV Speedomax G recorder was used in all experiments. The columns, 25 cm x 5 mm glass tubes, as well as the support, Chromosorb W 60-80 mesh, were inactivated with dichlorodimethylsilane in toluene followed by an anhydrous methanol rinse. The dry siliconized support was coated by a slurry filtration process, employing 5 % Carbowax 20M in toluene, dried at 110" for 4 hr and packed in the tube which was then equilibrated for 12 hr at 220" under continuous nitrogen flow.
Routinely, chromatographic determinations were carried out under the following conditions: injection port temperature was 265", column temperature 220"; dry nitrogen was used as a carrier gas at a flow rate of 25 ml/min; hydrogen (0.3 kg/cme) and air (1 kg/cma) were provided for the flame ionization detector; samples (l-5 ~1.) were injected in diethyl ether or acetone solution.
Light absorption spectra
Ultraviolet absorption spectra were automatically recorded on a Beckman DK-2 spectrophotometer, using l-cm cells and lo-4 to 10-s solutions in 95% ethanol.
Infrared absorption spectra were run in a Beckman IR-5 spectrophotometer, fitted with rock-salt prism, from pressed discs (KBr) or from solutions (CC14) in variable-thickness cell.
X-Ray fluorescence analysis
The X-ray fluorescence analysis (for SKa) was carried out with a Philips spectrometer, using the Cr radiation with a flow proportional counter and a pentaerythritol analysing crystal.
Paper electrophoresis
A high voltage electrophoresis apparatus from L. Hormuth, Inh. W. E. Vetter (Heidelberg), according to Wieland and Pfleiderer was used for all the electrophoresis experiments. Paper was the thick Macherey No. 214 paper from Nagel and Co., Dtiren. Electrophoretic runs were carried out at pH 1.2 (glacial acetic acid-85 % formic acid-distilled water 15:25:110), pH 5.8 (99 % pyridine-glacial acetic aciddistilled water 15.5 : 1.8 : 135), and pH 7.9 (triethylamine-distilled water 5 :95 ; CO2 was bubbled through until the desired pH was attained).
Hydrolytic procedures
Eluates of alumina columns or of single paper chromatographic spots were occasionally submitted to acid hydrolysis (HCl 0.1-10 M, 10 min-24 hr, at room temperature or 120"; 90-100 % acetic acid, 15-120 min at lOO'), alkaline hydrolysis (NH40H 5 M, 15-60 min at 100"; NaOH 0.05 M, 15 min at 100') and to treatment with /3-glucuronidase (Helix pomatia crude enteric juice, bacterial glucuronidase Sigma), 5000-20,000 units, 8-16 hr at 38".
Adsorption on alkaline alumina
RESULTS
In a typical experiment, 500 ml of the methanol extract of non-glandular skin, corresponding to 15 g of dry tissue, was evaporated, under reduced pressure and at 45-50", to 30-40 ml and the remaining aqueous liquid was extracted repeatedly with petroleum ether in order to remove fats. The distillation was then continued until the residue was of syrupy consistence. The residue was taken up, in a warm water bath, by stirring in 100 ml of 99% ethanol and the liquid was passed through a column of alkaline alumina. Elution of the column was effected with successive addition of 200-400 ml each of 99, 95, 90, 80, 70, 60, 50, 40% ethanol, and 200 ml of distilled water. Fractions of 200 ml were collected.
Elution of alumina columns loaded with the extract of non-glandular skin was always easy and the result was a good separation and partial purification of the different indole compounds. Elution of alumina columns loaded with the extract of cutaneous glands, on the contrary, was more difficult owing to obstruction of the column produced, at certain ethanol concentrations, by swelling of a mucilagineous material present in the extract. Moreover, results were unsatisfactory, since minor indole compounds were masked and nearly overwhelmed by the enormous amounts of O-methylbufotenine occurring in the glandular tissue.
Paper clzromatograpl~y and colour reactions
Aliquots of the above eluates were suitably concentrated under reduced pressure (I ml liquid = 2-5 g dry skin) and then chromatographed on paper. schematic representation of the 17 indole spots developed by the NNCD reagent on chromatograms run with the n-butanol-acetic acid-water mixture. Already identified spots are indicated by capital letters, unknown spots by small letters. It should be added, completing the data of Table 2 , that identical colour reactions were given, respectively, by spot B and 5-methoxytryptophol, spot C and 5-hydroxytryptophol, spot D and O-methylbufotenine, spot F and bufotenine, spot H and N-methy&9methoxytryptamine, spot I and N-methyl-5-HT, spot N and bufoviridine, spot P and 5-HT, spot Q and 5-MIAA, spot R and 5-HIAA, and finally spot S and tryptophan.
Hence, substances making up the above eleven spots were chromatographically indistinguishable from the corresponding pure compounds.
Chromatograms loaded with amounts of eluates corresponding to 0.3-O-5 g of dry non-glandular skin were also sprayed with aqueous solutions of picric acid and Reinecke salt, respectively, and then washed gently but thoroughly under running tap water. Upon spraying with solution of picric acid three yellow spots made their appearance, corresponding to spots D, F and L. However, only the picrate given by 5-Methoxy-and 5-hydroxyindoles in the skin of Bufo ulvarius spot D proved to be sufficiently water-insoluble to withstand thorough washing with water. Solution of Reinecke salt produced the appearance of five pinkish violet spots, three of them corresponding to indole spots D, F and g, and the other two to unknown non-indolic compounds. All these spots persisted, unchanged, after thorough washing with water. They could be eluted by ethanol or acetone. Spots produced by synthetic 0-methylbufotenine and bufotenine behaved, towards picric acid and Reinecke salt, exactly like spots D and F, respectively.
Thin-layer chromatography
As shown in Table 3 , thin-layer chromatography;lconfirmed the identity of substances constituting spots B, D and H with 5methoxytryptopho1, 0-methylbufotenine and bufotenine, respectively.
The material put on silica gel plates was obtained by elution of paper chromatographic spots, except for spot D for which the ethanol eluate 991 was directly used.
Paper electrophoresis
High voltage paper electrophoresis was carried out either on eluates of alumina columns or on eluates of single paper chromatographic spots. The latter procedure was always necessary for spots B and C.
The electrophoretic run of 5-HT was considered = 1, that of the other compounds was referred to 5-HT. Results obtained at three different pHs (l-2, 5.8 and 7.9) are shown in Table 4 .
The tabulated data once again point to the identity of substances constituting spots B, C, D, F and N with 5-methoxytryptophol, 5-hydroxytryptophol, O-methylbufotenine, bufotenine and bufoviridine, respectively. They further show that spot g 11.56 V. ERSPAMER, T. VITALI, M. R~SEGHINI and J. M. CEI has a clear basic nature, whilst spots L and 0 possess a poor electrical motility at every pH.
Spots Q and R migrated towards the anode and in their electrical motility they were indistinguishable from 5-methoxyindoleacetic acid and 5-HTAA, respectively. 
Semi-quantitative
estimation of the indole compounds of the B. alvarius skin This was carried out chiefly by visual comparison of the individual indole spots produced on paper chromatograms by different amounts of crude skin extracts or ethanol eluates with the spots produced by known amounts of the corresponding pure synthetic compounds. Table 5 shows the content of bufotenine and 0-methylbufotenine in the single examined B. aloarius skins (glandular and non-glandular skin). All or nearly all the minor indole compounds occurring in non-glandular skin were also present in extracts of the large cutaneous glands, probably in comparable amounts. However, their semiquantitative estimation was very difficult owing to the heavy predominance of 0-methylbufotenine.
Isolation and characteristics of 0-methylbufotenine
Upon passage through an alumina column of the crude extracts of B. alvarius skin, 0-methylbufotenine emerged, as already stated and shown in Fig. 1 , in the first ethanol eluates, i.e. in the 99 and 95 "/o ethanol eluates.
Suitable amounts of these eluates were combined, evaporated to dryness and the residue dissolved in 20 ml of boiling water. Another 20 ml of boiling water containing O-3 g of picric acid was gradually added. The liquid was rapidly filtered on a warmed funnel. On cooling, yellow-orange needles made their appearance. After drying they weighed 235 mg. Upon slow recrystallization from boiling water brownishred needles were obtained, melting at 175-176" (decomposition). Upon rapid recrystallization, needles were yellow-orange in colour, with slightly lower m.p. The two picrates were indistinguishable by thin-layer chromatography.
Molecular weight was calculated according to Cunningham et aZ.,l assuming that the brownish-red picrate was a monopicrate. The found molecular weight (448.5) was in excellent accordance with the calculated molecular weight of a N,Ndimethylmethoxytryptamine (447*4), in particular with that of O-methylbufotenine, which gives a monopicrate melting at 176.S177O.29 39 4 Per cent N for the picrate of the natural compound: 15.40; calculated for CrgHa10sN5: 15.65.
Forty mg of the natural monopicrate were dissolved in 50% ethanol and then passed through a column of a strongly basic ion exchange resin (Merck III resin in the -OH form; 30 g resin in a column of 1.6 cm diameter; height of the resin column 30 cm). Elution was performed with 40% ethanol. The eluates giving a p-dimethylaminobenzaldehyde reaction were combined and then concentrated to a small volume. The crystalline precipitate was recrystallized from hexane, giving small colourless prisms, melting at 67. The ultraviolet absorption spectrum (Fig. 2) of the natural base looked like that of an unmodified 5-methoxyindole,6 and the indole >NH stretching band (Fig. 3) was quite evident in the infrared spectrum, from CC14 solution.7 Moreover, the natural indole gave a single symmetrical peak by gas chromatography, at 138 set after the injection of the sample in ethereal solution. The inlet of the sample with benzaldehyde or in acetone solution did not produce either shift or change in intensity of peak. This suggests a probable absence of any primary amine function.83 9 Accordingly, the N,N-dimethyl-5-methoxytryptamine was synthesizedsv lo and compared with the natural indole. Undepressed melting points for these bases as well as for the corresponding monopicrates were observed; and ultraviolet and infrared absorption spectra were the same (Fig. 3) . Moreover, the natural base and the synthetic 0-methylbufotenine were indistinguishable by either paper chromatography and thin-layer chromatography or gas chromatography. A last proof of the identity of the indole compound making up spot D with Omethylbufotenine was given by its possible transformation into an N-oxide indistinguishable from that given by synthetic 0-methylbufotenine. N-Oxidation was carried out by the method of Fish et al.,11 with hydrogen peroxide (1 ml 40 "/, Ha02 in 10 ml of 95 % ethanol).
-! 
Tentatice ident$cation of substances making up spots L and 0
In the assumption that substances constituting spots g, L and 0 might be derivatives of known indole compounds, paper chromatographic eluates of these spots were subjected to acid hydrolysis, alkaline hydrolysis, and treatment with /3-glucuronidase. Preliminary results were as follows: (a) Treatment with /I-glucuronidase did not cause any alteration of cluates of spots g, L and 0.
(b) Hydrolysis with hydrochloric acid produced, as expected, a more or less complete destruction of all examined indole compounds with no clearly recognizablc hydrolysis products. It may be tentatively suggested that substance L is O-methylbufotenine with a molecule of sulphuric acid attached to the >NH of the indole ring, and substance 0 bufotenine bearing two molecules of sulphuric acid attached to the indole nucleus, one to the phenolic -OH group, the other to the >NH group.
So far we know, it is the first time that similar compounds are found in nature.
We are presently engaged in a thorough study of the above sulphur-containing indolealkylamines and of related compounds as well. It is obvious that a decisive confirmation of the suggested structures will come from the synthesis. This is in progress. A full report of this part of our studies will be published later on.
DISCUSSION
The skin of Bufo alvarius presents an exceptionally rich sample card of indolealkylamines, both from a quantitative and a qualitative point of view.
Two nearly complete series of indolealkylamines occur in the B. alvarius skin. The first one, that of the classical 5-hydroxyindolealkylamines, is common not only to a number of toads but also to amphibians belonging to several other genera and families; the second, that of the methoxyindolealkylamines, is so far peculiar for
B. alvarius.
An unexpected completion of the two above series of indolealkylamines is represented by the appearance of compounds probably carrying sulphuric acid attached to the >NH group of the nucleus.
The biosynthetic pathways which are most likely to connect the indole derivatives herein described are represented schematically below (Figs. 4 and 5) .
5-HT, which must be considered the parent substance of all the indolealkylamines of the B. alvarius skin, is present only in traces, and similarly very low are the amounts of N-methyl-5-HT and iV-methyl-5-MT, in comparison with those of the corresponding tertiary amines. 5-MT is either lacking or present in traces.
This means that 5-HT once formed is immediately submitted to the combined action of N-methyl transferase and of 5-hydroxyGmethy1 transferase, the final result being the formation and accumulation of enormous amounts of O-methylbufotenine. N-Methyltransferase activity does not seem to cause, in neither series of compounds, the formation of quaternary ammonium bases.
Concerning the origin of the O-methylated derivatives, both the horizontal and the vertical pathways represented in Fig. 4 in the pineal body. Present results, however, show that also amphibian skin may possess intense 5-hydroxyindole-O-methyl transferase activity. Although keeping in mind that the turnover rate of the two 5-methoxyindoles may be strikingly different, one cannot avoid to compare the 100~00CL150~000 pg of 0-methylbufotenine contained in the skin of a medium-sized specimen of B. aharius with the probable nanogram amounts of 5-methoxy-N-acetyltryptamine (melatonin) present in the pineal body of the same animal.
Thus, it would seem that fresh skin of B. alvarius is a suitable material for studying 5-hydroxyindole-O-methyl transferase activity and, consequently, the rate of biosynthesis of 0-methylbufotenine. Enzymic studies in vitro should obviously be completed by the search of labelled 5-methoxyindoles following administration to the intact toad of radioactive L-tryptophan or 5-hydroxytryptophan. The negative results of Mlrki et aZ.,ls who failed to detect any 5-hydroxyindole-O-methyl transferase activity in the parotoid gland of Bufo marinus are not surprising, because no trace of Smethoxyindole derivatives is present in this species.
The skin of B. alvarius contains, in addition to the expected metabolites 5-hydroxyindoleacetic acid and 5-methoxyindoleacetic acid, also trace amounts of 5-hydroxytryptophol and important amounts of 5-methoxytryptophol, the latter compound, so far found only in pineal tissue, 17 being apparently the major metabolite originating from the oxidative deamination of the 5-methoxyindolealkylamines. Among the indole compounds occurring in acetone extracts of the B. aharius skin three remain to be thoroughly investigated. They make up, on paper chromatograms, spots g, L and 0.
A number of analytical data, which will be discussed in detail elsewhere, demonstrate that substance making up spot L is a derivative of O-methylbufotenine, and substance making up spot 0 a derivative of bufotenine. Substances L and 0 are easily hydrolyzed by acetic acid with liberation of sulphuric acid, and all available evidence suggests that this sulphuric acid may be attached either to the phenoiic -OH group or to the pyrrolic >NH group or to both. It is obvious that synthetic work will be necessary to confirm the analytical results.
Tt should be added that spot 0 is not peculiar for chromatograms of extracts of B. aluarius skin. It has been traced, in fact, with an intensity several times greater than that seen on chromatograms of B. ahrius skin, also on paper chromatograms of skin extracts of Bufo marmoreus and Bufo perplexus.
The compound making up spot g is puzzling, among other things owing to its particular colour shade with the p-dimethylaminobenzaldehyde reagent. Its behaviour in paper electrophoresis and with Reinecke salt points to its decidedly basic nature. The isolation of this compound, starting from its Reinecke salt, is only a matter of availability of sufficient B. aharius material.
Concerning some minor chromatographic spots, such as spots a, el, ez and m, the possibility cannot be ruled out that substances making up them do not pre-exist in the living skin, but are artifacts originating during drying or during acetone extraction of the skin.
Research reported in this paper will probably be of some interest also from the point of view of biochemical taxonomy.
